The global patterns and distribution of case-fatality rates (CFRs) in pediatric severe sepsis and septic shock remain poorly described. OBJECTIVE We performed a systematic review and meta-analysis of studies of children with severe sepsis and septic shock to elucidate the patterns of CFRs in developing and developed countries over time. We also described factors associated with CFRs.
S epsis is a leading cause of death in children. It is often associated with multiorgan dysfunction from dysregulated systemic host immune response to infection. 1, 2 Globally, sepsis and infections caused 6.3 deaths of 1000 live births among children younger than 5 years. 3 Once diagnosed, the case-fatality rate (CFR) from pediatric sepsis is estimated to be 25%. 4 Recognizing the current magnitude of sepsis burden, the World Health Organization (WHO) recently passed a resolution to highlight sepsis as a major cause of preventable morbidity and mortality worldwide and strengthened its stance to mitigate the global burden of sepsis. 5 Despite being a significant public health burden, the global CFRs of pediatric severe sepsis and septic shock remain poorly described. [6] [7] [8] A meta-analysis of studies of adult sepsis demonstrated a 3% decrease in global CFR annually from 1991 to 2009, indicating improvements in public health measures and management of sepsis. 9 However, to our knowledge, no such estimates are available in the pediatric population. Existing individual studies only provide a snapshot of CFR at a specific time (or over a specific period) and place, rather than a pattern or trajectory over time, which is more useful for comparisons of mortality. 5, 10 Generating pooled global CFRs will also allow health care centers to assess their progress in the management of pediatric sepsis, highlight vulnerable populations of children, and enable meaningful comparisons of risk factors and outcomes in pediatric sepsis management. We therefore aim to summarize the available CFRs on pediatric severe sepsis and septic shock published in the literature up to January 2017 to determine CFRs in children with severe sepsis and septic shock over time. In addition, we hypothesized that there are important factors associated with mortality, including geographical regions, level of economic development, study design, and sepsis category.
Methods
This systematic review and meta-analysis was conducted in close accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. It is registered in PROSPERO with the registration number CRD42017049853.
Search Strategy and Selection Criteria
We identified the patient, intervention, control, outcome, and study design (PICOS) as children younger than 18 years having severe sepsis or septic shock, with CFR being the primary outcome of interest. We searched PubMed, Web of Science, Excerpta Medica (Embase) database, Cumulative Index of Nursing and Allied Health Literature (CINAHL), and Cochrane Central databases to identify eligible studies. The search was conducted on and included studies up to January 10, 2017. Keywords used include "pediatric," "sepsis," "severe sepsis," "septic shock," and "mortality." The search strategy is detailed in eTable 1 in the Supplement. No limits or filters were used.
We included studies that fulfilled the following inclusion criteria: (1) a randomized clinical trial (RCT) or prospective study design, (2) a study population with severe sepsis or septic shock by any definition or merely the label of severe sepsis or septic shock, and (3) reported mortality. Studies involving adults, post hoc analysis of an existing RCT (if there were no duplicate data with another included study), database and registry studies, and studies with both retrospective and prospective arms were included if the subpopulation of interest fulfilled the inclusion criteria. We included studies from all languages.
Studies involving exclusively neonatal and perinatal sepsis are excluded. We excluded studies involving primarily neonatal and/or perinatal sepsis owing to the differences in epidemiology and pathophysiology compared with pediatric sepsis. 11 In addition, pediatric sepsis is often managed in pediatric intensive care units (PICUs), a distinct clinical area to where neonatal and perinatal sepsis are often managed (ie, neonatal intensive care units). Retrospective studies were excluded to minimize selection and recall biases. We excluded abstracts because they do not provide adequate description of studies on which the quality of studies can be assessed. We also excluded studies with fewer than 20 participants, to avoid publication biases, reporting biases, and small-study effects that could cause extreme estimations of CFRs.
Data Collection and Analysis
Two reviewers (B.T. and J.C.J.W.K.) independently conducted the database search and screened for potential studies by examining the titles and abstracts. The full-text articles of shortlisted studies were then assessed for eligibility. Reference lists of obtained articles and relevant review articles were hand searched. We contacted the corresponding authors for missing or unreported data. Disagreements on study eligibility or data extraction were resolved by consensus or with input from a third independent reviewer (J.J.-M.W.). A standardized data collection form was used by 2 independent reviewers (B.T. and J.J.-M.W.) to extract relevant data from the eligible studies. When required, translations of included studies were performed by native speakers of the language. We extracted data on study characteristics (eg, study year, study design, geographical location, and continent), patient characteristics (eg, age, severity of sepsis, microbiological data, and Pediatric Risk of Mortality score) and outcome (CFR) from the placebo arms of RCTs or prospective cohort studies. A priori, geographical continents and classification of countries into developed or developing economies were determined according to the United Nations country classification system.
The Cochrane Risk of Bias tool was used to assess risk of bias for RCTs at the outcome level. 14 The scale includes the presence of random sequence generation, allocation concealment, blinding of participants and researchers, blinding of outcome assessment, incomplete outcome data, selective reporting, and other biases. The Newcastle-Ottawa Scale was used to assess risk of bias for prospective observational studies at the outcome level. 15 This scale was selected because it was originally developed to assess the risk of bias of casecontrol and cohort studies. In addition, the scale is suited to assess the risk of bias of noninterventional observational studies. Briefly, this scale has 3 assessment areas: (1) selection (cohort representativeness, exposure ascertainment, and demonstration that outcome of interest was absent at the start of the study), (2) comparability (assessment of the cohorts' comparability based on the design or analyses), and (3) outcome (objective assessment of outcomes, adequate study period, and length of follow-up period).
Statistical Analysis
Categorical variables were summarized as frequencies and percentages while continuous variables were summarized as means with SDs or medians with interquartile ranges (IQRs), as appropriate. We performed meta-analysis using the DerSimonian-Laird random-effects model to obtain pooled CFR estimates and associated exact binomial 95% CIs. The inverse of total number of patients in each study was used as the weight in the meta-regression models. We used I 2 statistics to quantify heterogeneity across studies, and an I 2 statistic of 80% or more was considered to indicate considerable heterogeneity. However, owing to the broad review question resulting in an inherently heterogeneous population among included studies, we accepted I 2 statistics up to 95% for inclusion in a meta-analysis. Cumulative meta-analysis was performed based on the study year, which was considered to be midway through the study recruitment period. In this cumulative meta-analysis, selected studies were arranged in ascending order of trial period, and then multiple meta-analyses were performed by accumulating studies consecutively in a sequence of trial period. A priori, we intended to investigate the contribution of the following covariates by weight-adjusted multivariable logistic meta-regression: study design (RCT vs observational), continents, sepsis severity (severe sepsis vs septic shock), and period, as well as any other covariate that was significant in the univariate analysis. Subgroup metaanalysis was also performed based on the a priori covariates. Studies conducted over multiple continents were excluded from the multivariable logistic regression owing to the difficulty in attributing the study location. Measures of association were expressed as odd ratios (ORs) with corresponding 95% CIs. We performed a sensitivity analysis including only studies with a low risk of bias, as assessed by the Cochrane Risk of Bias tool and Newcastle-Ottawa Scale. Bubble plots for weight-adjusted estimated CFRs for study design (RCT vs observational), continents, sepsis severity (severe sepsis vs septic shock), and period were created. The size of the bubble is proportional to the total number of patients recruited in the corresponding study.
Statistical analyses were performed using Statistical Analysis System version 9.3 (SAS Institute) and Comprehensive MetaAnalysis software version 3 (Biostat). All tests performed were 2-sided, and P values less than .05 were considered significant.
Results
The database search and hand search of reference lists yielded a total of 8535 and 12 articles, respectively ( Figure 1) . After applying the inclusion/exclusion criteria, 94 studies 4, [6] [7] [8] 10, that included a combined 7561 patients were eligible for analysis. Characteristics of included studies are summarized in Table 1 and eTables 2 and 3 in the Supplement. The mean (SD) age of the children in the included studies was 4. 
Discussion
This systematic review and meta-analysis is, to our knowledge, the first study that provides estimated global casefatality trajectories from pediatric severe sepsis and septic shock over time across both developing and developed nations. Our review showed a high overall CFR associated with pediatric severe sepsis and septic shock (25%). These CFRs have declined from 1981 to 1990 to 2011 to 2016. We showed that developing countries continue to shoulder higher CFRs compared with developed countries. Factors that were independently associated with increased CFRs include geographical location, younger age, septic shock, and an earlier era of study. 2008 Carmona et al, 90 2014 Chopra et al, 63 2011 Wynn et al, 37 2011 Pancera et al, 94 2004 Inwald et al, 36 2009 Santolaya et al, 92 2008 Yildiszas et al, 64 2008 Wolfler et al (2), 6 2008 Wolfler et al (1), 6 2008 Sarthi et al, 96 2007 Samransamruajkit et al, 95 2007 Onenli-Mungan et al, 93 2004 Michalek et al, 38 2007 Lodha et al, 102 2006 Santhanam et al, 65 2008 Nadel et al, 10 2007 Casartelli et al, 97 2007 Pizarro et al, 99 2005 Long et al, 17 2013 Goldstein et al, 40 2006 Fisher et al, 39 2010 Branco et al, 98 2005 Singh et al, 100 2006 Verhoeven et al, 44 2011
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Our study showed that pediatric severe sepsis and septic shock continue to be an important cause of child mortality. The WHO's 2016 data on causes of child mortality reported that sepsis and infection-associated causes continue to contribute heavily to the burden of mortality, up to 6.3 of every 1000 live births among children aged 0 to 4 years. 3 Our estimates of global CFRs from pediatric sepsis were higher than the estimates from a recent systematic review by Fleischmann-Struzek et al. 105 This prior systematic review reported that the mortality rate for pediatric severe sepsis ranged from 9% to 20%. In contrast, our CFR estimate from pediatric severe sepsis and septic shock was 25%. This difference may be owing to our focus only on populations of children with both severe sepsis and septic shock. We have also attempted to gather more data from studies in developing countries, which made up 43% of the patient population in this study. 4, 105 This is especially important, since these countries may not maintain a large database of pediatric populations with sepsis. Our estimate is more consistent with the figure reported by the Sepsis Prevalence, Outcomes, and Therapies (SPROUT) study, a global cross-sectional study that recruited pediatric patients with severe sepsis and septic shock from 26 developed and developing countries in 2013 and 2014, which reported similar mortality of 25%. 4 Our study has supported the prevailing evidence in the literature that sepsis continues to be an important cause of mortality among children.
Our time-trend analysis showed that the CFRs from pediatric severe sepsis and septic shock had a general decline over 10-year date ranges (1991-2000 to 2001-2010 and 2011-2016) . The rate of decline in CFRs in developing countries was similar to those of developed countries. Our study results further corroborated WHO data from 2016, 3 which showed that the Despite similar rates of decline, we found that annual CFRs in developing countries were consistently higher than those in developed countries. We have attempted to fill the knowledge gap on population-level epidemiological data from low-income and middle-income countries highlighted by FleischmannStruzek et al 105 and the SPROUT study 4 by systematically reviewing the published observational studies and RCTs on pediatric severe sepsis and septic shock in developing countries. The SPROUT study 4 reported no significant difference in pediatric sepsis mortality between developed and developing countries. In contrast, we found that CFRs from pediatric sepsis in developing countries were higher than those in developed countries. This difference in findings can be attributed to the differences in proportion of data from developing and developed countries between the 2 studies. The study designs (an analysis over time in our systematic review vs the point-prevalence design of the SPROUT study) were also different. Similar to our study results, the WHO data from 2016 showed that despite the decline in mortality rates for sepsis among children age 0 to 4 years in low-income and highincome countries, low-income countries persistently have higher mortality rates than high-income countries. 3 Resourcepoor developing countries have cited several reasons for increased sepsis mortality: the lack of access to primary care and intensive care unit beds, as well as monitoring devices and drugs required to follow guidelines of sepsis management, in addition to basic needs, such as clean water and electricity. 111, 112 Fluids for intravenous infusion may be scarce, choices of fluids are restricted by costs, and advanced treatment modalities to support organ functions crucial in severe sepsis and septic shock may be limited. 113 Malnutrition, secondary infections, and multiple hospitalizations among children in developing countries further increase the probability of sepsis evolving into septic shock and consequently worsen the mortality burden compared with children in developed countries. 114 The 2017 World Health Assembly also identified the difficulty in estimating the global burden of sepsis accurately and emphasized the need for robust data from low-income and middle-income countries on the burden of sepsis. 3 Our systematic review and meta-analysis results provided data on pooled CFRs from severe sepsis and septic shock in pediatric patients from both developing and developed countries over time. These patterns and pooled CFRs can be used by governments and public health scientists to plan future health initiatives. Future pediatric sepsis studies may also use the results presented here for sample size calculations and benchmarking PICU performance.
Limitations
There are several important limitations to our systematic review and meta-analysis. First, we did not include unpublished data and data reported in abstract form, which may result in publication bias. Our attempt to elucidate more factors associated with CFRs (eg, chronic comorbid conditions and multipleorgan dysfunction) was limited by the data available from the included studies. Data on time prior to presentation to medical attention were also not collected from the studies included in this systematic review. Another limitation is our inability to assess the influence of the timing of recognition of sepsis in the primary care setting. Also, owing to difficulty in assigning the geography and level of economic development to multicenter studies, these studies were excluded from the metaregression. Exclusion of these larger studies may have introduced selection bias to this analysis. Last, to obtain a comprehensive pattern in CFRs over time, we decided to include a heterogeneous group of studies in this meta-analysis, and this may have compromised the precision of our study.
Conclusions
The overall CFRs associated with pediatric severe sepsis and septic shock remains high (25%). Factors independently associated with increased CFRs include the level of economic development of the country, the presence of septic shock (rather than severe sepsis), a younger age in patients, and an earlier date of study. Efforts to improve medical care in resourcepoor settings are needed to decrease the global mortality in pediatric severe sepsis and septic shock. 
